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Description 

[0001] The invention relates to metal film deposition. 
More particularly, the invention relates to anodes used 
in metal film deposition. 

[0002] Electro-chemical plating (ECP), previously lim- 
ited in integrated circuit design to the fabrication of lines 
on circuit boards, is now used to fill features in sub- 
strates such as vias and contacts. ECP, in general, can 
be utilized with a variety of processes. One process in- 
cluding ECP comprises depositing a barrier diffusion 
layer over the feature surfaces of the wafer by a process 
such as chemical vapor deposition (CVD) or physical 
vapor deposition (PVD). A conductive metal seed layer 
is then deposited over the barrier diffusion layer by a 
process such as PVD or CVD. A conductive metal film 
(e.g. copper) is then deposited on the seed layerby ECP 
to fill the structure/feature. Finally, the deposited metal 
film is planarized by a process such as chemical me- 
chanical polishing (CMP), to define a conductive inter- 
connect feature. 

[0003] Deposition of a metal film on a seed layer dur- 
ing electroplating is accomplished by electric voltage bi- 
asing the seed layer on a substrate relative to an anode. 
During ECP processing, both the seed layer and the an- 
ode are contained in electrolyte solution in an electrolyte 
cell. The seed layer is electrically biased to attract metal 
ions within the electrolyte solution to be deposited on 
the seed layer. 

[0004] Those anode surfaces that are exposed to 
electrolyte solution typically chemically react with the 
electrolyte solution, and eventually degrade. Particulate 
matter from degraded anodes may also be dispersed 
into the electrolyte solution. If the particulate matter con- 
tacts the seed layer, the seed layer can become physi- 
cally distorted, chemically altered, and generally contain 
irregularities. Such irregularities can effect the electrical 
characteristics (such as electric current density) of the 
seed layer. 

[0005] In ECP systems an electric field is established 
between an anode and a seed layer on a substrate dur- 
ing the metal film deposition. To enhance the metal film 
deposition on the seed layer, an electrolyte solution fluid 
flow is established, for example, from below the anode, 
through or around the anode, towards the substrate. 
The chemical reaction between the anode and the elec- 
trolyte solution is enhanced by the addition of electricity 
applied to the anode. This enhanced chemical reaction 
supplies metal ions into the electrolyte solution from the 
metal forming the anode. The combination of the electric 
field established from the anode to the seed layer on the 
substrate in combination with the fluid flow in the elec- 
trolyte cell, acts to transport metal ions from the anode 
toward the seed layer on the substrate. Generation of 
metal ions by the anode into the electrolyte solution, in 
addition to the formation of such particulate byproducts 
as anode sludge, acts to degrade the surface of the an- 
ode. After a certain period, this degradation of the metal 



surface of the metal of the anode produces an uneven 
upper anode surface. 

[0006] During the ECP process, it is desired to main- 
tain the anode surface facing the substrate in a planar 

5 configuration, with the face of the plane oriented sub- 
stantially parallel to the seed layer. Any anode surface 
deviation from being planar results in a variation of spac- 
ing between different points on the upper surface of the 
anode from the nearest locations on the seed layer. The 

10 electric resistance of any point on the anode to the near- 
est seed layer point via the electrolyte solution varies as 
a function of distance through the electrolyte solution. A 
shorter distance between any particular location on the 
upper surface of the anode to its nearest location on the 

is seed layer through the electrolyte solution typically re- 
sults in a decreased electrical resistance between the 
anode surface location to the seed layer surface be- 
cause electrolyte solution resistance varying as a func- 
tion of Ohms law. 

20 [0007] Since establishing a substantially uniform 
electric current density across the surface of the seed 
layer on the substrate enhances the uniformity of metal 
film deposition across the seed layer, a variation of the 
resistances between the various anode surface loca- 
ls tions and the seed layer results in a variation of the elec- 
tric current density across the seed layer on the sub- 
strate. Such variations in the electric current density 
across the seed layer results in variations in metal film 
deposition across the surface of the substrate. In the 

so metal film deposition process, it is desired to maintain 
the metal film deposition across the surface of the seed 
layer as uniform as possible to provide uniform electrical 
characteristics of the metal film following the metal film 
deposition. It thus becomes difficult to maintain seed 

35 layer plating on the substrate when the upper surface of 
the anode assumes an irregular, non planar, configura- 
tion as a result of the chemical reaction between the up- 
per surface of the anode and the electrolyte solution as 
often occurs with extended anode use. 

40 [0008] Therefore, it is desired to provide a system by 
which those portions of the anode that face a substrate, 
immersed in the electrolyte solution, are maintained 
substantially planar even following extended use in a 
configuration to enhance the resultant uniformity of the 

45 electric current density across the seed layer. Such elec- 
tric current density enhancement also enhances uni- 
formity of the metal film deposition rate across the seed 
layer. 

[0009] This invention generally relates to an anode 
so system configured to be used within a metal film plating 
apparatus. The anode preferably has a substantially 
planar electric field generating portion and an electrolyte 
solution chemical reaction portion. The planar electric 
field generating portion is coated with an inert material 
55 that is impervious to the electrolyte solution. In one em- 
bodiment, the anode is formed as a perforated anode. 
In one aspect, the planar electric field generating portion 
is formed contiguous with the electrolyte solution chem- 
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ical reaction portion. In another aspects, the planar elec- 
tric field generating portion is formed as a distinct mem- 
ber from the electrolyte solution chemical reaction por- 
tion. 

[0010] The teachings of the present invention can be 
readily understood by considering the following detailed 
description of embodiments of the invention in conjunc- 
tion with the accompanying drawings, in which: 

Figure 1 is a cross sectional view of one embodi- 
ment of electro-chemical plating (ECP) 
system; 

Figure 2 is a perspective view of another embodi- 
ment of ECP system; 

Figure 3 is a top schematic view of the ECP system 
of FIG. 2; 

Figure 4 is a cross sectional view of one embodi- 
ment of a process cell used in ECP 
processing; 

Figure 5 is a partial cross sectional perspective 
view of one embodiment of cathode con- 
tact ring of FIG. 4; 

Figure 6 is a simplified schematic diagram of the 
electrical circuit representing the electro- 
plating system through each contact; 

Figure 7 is a schematic diagram of one embodi- 
ment of an electrolyte replenishing sys- 
tem; 

Figure 8 is a cross sectional view of one embodi- 
ment of a rapid thermal anneal chamber; 

Figure 9 is a perspective view of an alternative em- 
bodiment of a cathode contact ring; 

Figure 10 is a cross sectional view of a one embod- 
iment of an encapsulated anode; 

Figure 11 is a cross sectional view of another em- 
bodiment of an encapsulated anode; 

Figure 12 is a cross sectional view of another em- 
bodiment of an encapsulated anode; 

Figure 13 is a cross sectional view of yet another em- 
bodiment of an encapsulated anode; 

Figure 14 is a top schematic view of a mainframe 
having a flipper robot incorporated therein; 

Figure 15 is an alternative embodiment of a sub- 
strate holder system having a rotatable 
head assembly; 

Figure 16 is a cross sectional view of one embodi- 
ment of a degasser module; 

Figure 17 is a side cross sectional view of another 
embodiment of degasser module; 

Figure 18 shows an ECP system including one em- 
bodiment of anode; and 

Figure 19 shows an ECP system including another 
embodiment of anode. 

[0011] After considering the following description, 
those skilled in the art will clearly realize that the teach- 
ings of the invention can be readily utilized in metal film 
deposition applications. 



[0012] In the following description, the structure and 
operation of multiple embodiments of systems that can 
perform electro-chemical plating (ECP) is described. 
FIGs. 1, 2, and 3 show multiple embodiments of ECP 
systems. 

[0013] In one embodiment of ECP systems, such as 
the embodiments shown in FIGs. 18 and 19, the surface, 
of the anode that faces the substrate is coated with an 
inert metal. The inert metal limits the chemical reaction 
10 that occurs between the surface of the anode and the 
electrolyte solution. Multiple electroplating system em- 
bodiments that include a coated anode are described. 

ECP System 

15 

[001 4] The structure and operation of multiple embod- 
iments of ECP system are now described. FIG. 1 shows 
one embodiment of ECP system 200 that is used to de- 
posit a metal film on a seed layer formed on a substrate. 

20 The ECP system 200 includes an electrolyte cell 12, a 
substrate holder system 1 4, an anode 1 6, and a contact 
ring 20. The electrolyte cell 12 contains electrolyte so- 
lution, and the electrolyte cell has a top opening 21 cir- 
cumferentially defined by the contact ring 20. The sub- 

25 strate holder system 14 is disposed above the electro- 
lyte cell, and the substrate holder system is capable of 
immersing the substrate into, and removing the sub- 
strate from, the electrolyte solution through the top 
opening. The substrate holder system 14 is capable of 

30 securing and positioning the seed layer on the substrate 
in a desired position immersed in the electrolyte solution 
during processing. The contact ring 20 comprises a plu- 
rality of metal or metal alloy electrical contact elements 
that physically electrically contact the substrate seed 

35 layer. The electric contact elements may be, e.g., con- 
tact pins, contact rods, contact surfaces, contact pads, 
etc. 

[001 5] FIG . 2 is a perspective view of another embod- 
iment of ECP system 200. FIG. 3 is a top schematic view 

40 of the ECP system 200 of FIG. 2. Referring to both FIGs. 
2 and 3, the ECP system 200 generally comprises a 
loading station 21 0, a rapid thermal anneal (RTA) cham- 
ber 211, a spin-rinse-dry (SRD) station 212, a main- 
frame 214, and an electrolyte solution replenishing sys- 

45 tern 220. Preferably, the ECP system 200 is enclosed in 
a clean environment using panels such as made from 
PLEXIGLAS® (a registered trademark of the Rohm and 
Haas Company of West Philadelphia, PA). The main- 
frame 214 generally comprises a mainframe transfer 

so station 216 and a plurality of processing stations 218. 
Each processing station 218 includes one or more proc- 
ess cells 240. An electrolyte solution replenishing sys- 
tem 220 is positioned adjacent the ECP system 200 and 
is connected to the process cells 240 individually to clr- 

55 culate electrolyte solution used for the electroplating 
process. The ECP system 200 also includes a controller 
222, typically comprising a programmable microproces- 
sor and interacting with a solid-state power supply. 
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[0016] A controller 222 controls the electric current/ 
voltage supplied to the electric contact and to the anode. 
Typically, the controller 222 is associated with a control- 
lable power supply, such as semi-conductor power 
source, that supplies the electric current to the electric 
contact and to the anode. The controller controls the 
electrical current supplied to the seed layer when the 
seed layer on the substrate is being plated. The control- 
ler 222 thereby determines the electrical current/voltage 
established from the anode to the seed layer on the sub- 
strate. 

[0017] The controller 222, whose components are 
shown in FIG. 3, comprises a central processing unit 
(CPU) 260, memory 262, circuit portion 265, input out- 
put interface (I/O) 279, and bus, not shown. The con- 
troller 222 may be a general-purpose computer, a mi- 
croprocessor, a microcontroller, or any other known suit- 
able type of computer or controller. The CPU 260 per- 
forms the processing and arithmetic operations for the 
controller 222. The controller 222 controls the plating 
process, robotic operations, timing, etc. associated with 
the EC P system 200. The controller controls the electric 
voltage/current applied by a controllable power source 
(not shown) to both the anode 1 6 and the plating surface 
16 on the substrate 22. The controller also controls the 
displacement of the substrate holder assembly that is 
used to immerse the seed layer on the substrate in the 
electrolyte solution, as shown in FIG. 4. 
[0018] The memory 262 includes random access 
memory (RAM) and read only memory (ROM) that to- 
gether store the computer programs, operands, opera- 
tors, dimensional values, system processing tempera- 
tures and configurations, and other parameters that 
control the electroplating operation. The bus provides 
for digital information transmissions between CPU 260, 
circuit portion 265, memory 262, and I/O 279. The bus 
also connects I/O 279 to the portions of the ECP system 
200 that either receives digital information from, or 
transmits digital information to, controller 222. 
[0019] I/O 279 provides an interface to control the 
transmissions of digital information between each of the 
components in controller 222. I/O 279 also provides an 
interface between the components of the controller 222 
and different portions of the ECP system 200. Circuit 
portion 265 comprises all of the other user interface de- 
vices, such as display and keyboard. 
[0020] In this disclosure, the term "substrate'* is in- 
tended to describe substrates, semiconductor sub- 
strates, liquid crystal diode (LCD) displays, or other ob- 
jects that can be processed within the ECP system 200. 
The substrates are generally circular or rectangular and 
may be of any size, though many substrates commonly 
have a 200 mm or 300 mm diameter. The loading station 
210 preferably includes one or more substrate cassette 
receiving areas 224, one or more loading station trans- 
fer robots 228 and at least one substrate orientor 230. 
The number of substrate cassette receiving areas, load- 
ing station transfer robots 228 and substrate orientors 



included in the loading station 210 can be configured 
according to the desired throughput of the system. As 
shown for one embodiment in FiGs. 2 and 3, the loading 
station 210 includes two substrate cassette-receiving 

5 areas 224, two loading station transfer robots 228, one 
substrate orientor 230, and a substrate cassette 232. 
The substrate cassette 232 contains one or more sub- 
strates 234 in vertically-spaced cassette shelves which 
provides a location where the substrates can be stored, 

io removed from, or inserted in conjunction with the ECP 
system. The loading station transfer robot 228 transfers 
substrates 234 between the substrate cassette 232 and 
the substrate orientor 230. The loading station transfer 
robot 228 comprises a typical transfer robot commonly 

15 known in the art. The substrate orientor 230 positions 
each substrate 234 in a desired orientation to ensure 
that the substrate is properly processed. The loading 
station transfer robot 228 also transfers substrates 234 
between the loading station 210 and the SRD station 

20 21 2 and between the loading station 21 0 and the ther- 
mal anneal chamber 211. 

[0021 ] The SRD stations apply rinsing and/or dissolv- 
ing fluids to the surface of a substrate to rinse and/or 
etch undesired deposits or dried chemicals (e.g. in the 

25 form of chemical crystals) from the surface of the sub- 
strates that have been processed. The SRD system 
then spins the substrate during the application of the 
rinsing/etching fluids. The SRD system also spins the 
substrate (at up to about 2800 RPM in one embodiment) 

30 after the rinsing/etching fluid is applied to remove the 
fluid from the surface of the substrate by centrifugal ac- 
tion applied to the substrate. The operation of the SRD 
module is not provided in greater detail, but is contained 
in U.S. Patent Application Serial Number 09/289,074, 

35 filed April 8, 1 999, and entitled "ELECTRO-CHEMICAL 
DEPOSITION SYSTEM" (incorporated herein by refer- 
ence). Other aspects of the ECP system are also pro- 
vided in this incorporated patent application. 
[0022] Preferably, the mainframe transfer station 21 6 

40 includes a flipper robot 248 that facilitates transfer of a 
substrate from a face-up position on the robot blade 246 
(of the mai nf rame transfer robot 242) to a face down po- 
sition for a process cell 240 that requires face-down 
processing of substrates. The flipper robot 248 includes 

45 a main body 250 that provides both vertical and rota- 
tional movements with respect to a vertical axis of the 
main body 250 and a flipper robot arm 252 that provides 
rotational movement along a horizontal axis. Preferably, 
a vacuum suction gripper 254, disposed at the distal end 

50 of the flipper robot arm 252, holds the substrate as the 
substrate is flipped and transferred by the flipper robot 
248. The flipper robot 248 positions a substrate into the 
process cell 240 for face-down processing. The details 
of the electrolyte cell will be discussed below. 

55 [0023] FIG . 1 4 is a top schematic view of a mainframe 
transfer robot having a flipper robot incorporated there- 
in. The mainframe transfer robot 21 6 as shown in FIGs. 
3 and 1 4 serves to transfer substrates between different 
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stations attached the mainframe station, including the 
processing stations and the SRD stations. The main- 
frame transfer robot 216 includes a plurality of robot 
arms 2402 (two are shown) and a flipper robot 2404. 
The flipper robot 2404 is attached at a distal location to 
an end effector of each of the robot arms 2402. Flipper 
robots are generally known in the art and can be at- 
tached as end effectors for substrate handling robots, 
such as model RR701 , available from RORZE AUTO- 
MATION, INC., located in Milpitas, California. The main 
transfer robot 216 comprising the flipper robots 2404 
with end effector is capable of transferring substrates 
between different stations attached to the mainframe as 
well as flipping the substrate to the desired surface ori- 
entation, i.e., substrate processing surface being face- 
down for the electroplating process. Preferably, the 
mainframe transfer robot 216 provides Independent ro- 
bot motion along each of the X-Y-Z axes using the com- 
bination of motion within a substantially horizontal plane 
by the robot arm 2402 and independent substrate flip- 
ping rotation using the flipper robot end effector 2404. 
By incorporating the flipper robot 2404 integrated with 
the end effector of the mainframe transfer robot, the sub- 
strate transfer process is simplified because the step of 
passing a substrate from a mainframe transfer robot to 
a flipper robot is eliminated. 

[0024] FIG. 4 is a cross sectional view of one embod- 
iment of an electroplating process cell 400 of the ECP 
system of FIGs. 2 and 3. The electroplating process cell 
400 generally comprises a head assembly 41 0, an elec- 
trolyte cell 420 and an electrolyte solution collector 440. 
Preferably, the electrolyte solution collector 440 is se- 
cured onto the body 442 of the mainframe 214 over an 
opening 443 that defines the location for placement of 
the electrolyte cell 420. The electrolyte solution collector 
440 includes an inner wall 446, an outer wall 448 and a 
bottom 447 connecting the walls. An electrolyte solution 
outlet 449 is disposed through the bottom 447 of the 
electrolyte solution collector 440 and connected to the 
electrolyte solution replenishing system 220 shown in 
FIG. 2 through tubes, hoses, pipes or other fluid transfer 
connectors. 

[0025] The head assembly 410 Is mounted onto a 
head assembly frame 452. The head assembly frame 
452 includes a mounting post 454 and a cantilever arm 
456. The mounting post 454 is mounted onto the body 
442 of the mainframe 214, and the cantilever arm 456 
extends laterally from an upper portion of the mounting 
post 454. Preferably, the mounting post 454 provides 
rotational movement with respect to a vertical axis along 
the mounting post to allow rotation of the head assembly 
410. The head assembly 410 is attached to a mounting 
plate 460 disposed at the distal end of the cantilever arm 
456. The lower end of the cantilever arm 456 is connect- 
ed to a cantilever arm actuator 457, such as a pneumatic 
cylinder, mounted on the mounting post 454. The can- 
tilever arm actuator 457 provides pivotal movement of 
the cantilever arm 456 with respect to the joint between 



the cantilever arm 456 and the mounting post 454. 
When the cantilever arm actuator 457 is retracted, the 
cantilever ami 456 moves the head assembly 41 0 away 
from the electrolyte cell 420 to provide the spacing re- 
5 quired to remove and/or replace the electrolyte cell 420 
from the electroplating process cell 400. When the can- 
tilever arm actuator 457 is extended, the cantilever arm 
456 moves the head assembly 410 toward the electro- 
lyte cell 420 to position the substrate in the head assem- 

w bly 410 in a processing position. 

[0026] The head assembly 410 generally comprises 
a substrate holder assembly 450 and a substrate as- 
sembly actuator 458. The substrate assembly actuator 
458 is mounted onto the mounting plate 460, and in- 

15 eludes a head assembly shaft 462 extending downward- 
ly through the mounting plate 460. The lower end of the 
head assembly shaft 462 is connected to the substrate 
holder assembly 450 to position the substrate holder as- 
sembly 450 in a processing position and in a substrate 

20 loading position. 

[0027] The substrate holder assembly 450 generally 
comprises a substrate holder plate 464 and an electric 
contact element 466. FIG. 5 is a cross sectional view of 
one embodiment of a electric contact element 466. In 

2s general, the electric contact element 466 comprises an 
annular body having a plurality of conducting members 
disposed thereon. The annular body is constructed of 
an insulating material to electrically isolate the plurality 
of conducting members. Together the body and con- 

30 ducting members form a diametrically interior substrate 
seating surface which, during processing, supports a 
substrate and provides a current thereto. 
[0028] Referring now to FIG. 5 in detail, the electric 
contact element 466 generally comprises a plurality of 

35 conducting members 765 at least partially disposed 
within an annular insulative body 770. The insulative 
body 770 is shown having a flange 762 and a downward 
sloping shoulder portion 764 leading to a substrate seat- 
ing surface 768 located belowthe flange 762. The flange 

40 762 and the substrate seating surface 768 lie in offset 
and substantiaiiy paraiiei planes. Thus, the flange 762 
may be understood to define a first plane while the sub- 
strate seating surface 768 defines a second plane par- 
allel to the first plane wherein the shoulder 764 is dis- 

45 posed between the two planes. However, electric con- 
tact element design shown in FIG. 5 is intended to be 
merely illustrative. In another embodiment, the shoulder 
portion 764 may be of a steeper angle including a sub- 
stantially vertical angle so as to be substantially normal 

so to both the flange 762 and the substrate seating surface 
768. Alternatively, the electric contact element 466 may 
be substantially planar thereby eliminating the shoulder 
portion 764. However, for reasons described below, a 
preferred embodiment comprises the shoulder portion 

55 764 shown in FIG. 4 or some variation thereof. 

[0029] The conducting members 765 are defined by 
a plurality of outer electrical contact pads 780 annularry 
disposed on the flange 762, a plurality of inner electrical 
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contact pads 772 disposed on a portion of the substrate 
seating surface 768, and a plurality of embedded con- 
ducting connectors 776 which link the pads 772, 780 to 
one another. The conducting members 765 are isolated 
from one another by the insulative body 770. The insu- s 
lative body may be made of a plastic such as polyvinyli- 
denefluoride (PVDF), perfluoroalkoxy resin (PFA), TE- 
FLON® (a registered trademark of the E.I. duPont de 
Nemours and Company) and TEFZEL® (a registered 
trademark of the E.I. duPont de Nemours and Compa- 
ny) or any other insulating material such as Alumina 
(Al 2 0 3 ) or other ceramics. The outer contact pads 780 
are coupled to a power supply, not shown, to deliver cur- 
rent and voltage to the inner contact pads 772 via the 
connectors 776 during processing. In turn, the inner 
contact pads 772 supply the current and voltage to a 
substrate by maintaining contact around a peripheral 
portion of the substrate. Thus, in operation the conduct- 
ing members 765 act as discrete current paths electri- 
cally connected to a substrate. 
[0030] Low resistivity, and conversely high conductiv- 
ity, are directly related to good plating. To ensure low 
resistivity, the conducting members 765 are preferably 
made of copper (Cu), platinum (Pt), tantalum (Ta), tita- 
nium (Ti), tungsten (W), gold (Au), silver (Ag), stainless 
steel or other conducting materials. Low resistivity and 
low contact resistance may also be achieved by coating 
the conducting members 765 with a conducting materi- 
al. Thus, the conducting members 765 may, for exam- 
ple, be made of copper, that has a resistivity of approx- 
imately 2 x 10" 8 fl«m, coated with platinum that has a 
resistivity of approximately 10.6 x 10* 8 O-m. Coatings 
such as tantalum nitride (TaN), titanium nitride (TIN), 
rhodium (Rh), Au, Cu, or Ag on a conductive base ma- 
terials such as stainless steel, molybdenum (Mo), Cu, 
and Ti are also possible. Further, since the contact pads 
772, 780 are typically separate units bonded to the con- 
ducting connectors 776, the contact pads 772, 780 may 
comprise one material, such as Cu, and the conducting 
members 765 another, such as stainless steel. Either or 
both of the pads 772, 1 80 and conducting connectors 
776 may be coated with a conducting material. Addition- 
ally, because plating repeatability may be adversely af- 
fected by oxidation that acts as an insulator, the inner 
contact pads 772 preferably comprise a material resist- 
ant to oxidation such as Pt, Ag, or Au. 
[0031] In addition to being a function of the contact 
material, the total resistance of each circuit is dependent 
on the geometry, or shape, of the inner contact inner 
contact pads 772 and the force supplied by the contact 
ring 466. These factors define a constriction resistance, 
R CR , at the interface of the inner contact pads 772 and 
the substrate seating surface 768 due to asperities be- 
tween the two surfaces. Generally, as the applied force 
is increased the apparent area is also increased. The 
apparent area is, in turn, inversely related to R CR so that 
an increase in the apparent area results in a decreased 
R CR . Thus, to minimize overall resistance it is preferable 



to maximize force. The maximum force applied in oper- 
ation is limited by the yield strength of a substrate which 
may be damaged under excessive force and resulting 
pressure. However, because pressure is related to both 
force and area, the maximum sustainable force is also 
dependent on the geometry of the inner contact pads 
772. Thus, while the contact pads 772 may have a flat 
upper surface as in FIG. 5, other shapes may be used 
to advantage such as a knife-edge contact pad or a 
hemispherical contact pad, both of which are generally 
known. A person skilled in the art will readily recognize 
other shapes which may be used to advantage. A more 
complete discussion of the relation between contact ge- 
ometry, force, and resistance is given in Ney Contact 
Manual, by Kenneth E. Pitney, The J. M. NEY COMPA- 
NY, 1973, which is hereby incorporated by reference in 
its entirety. 

[0032] The number of connectors 776 may be varied 
depending on the particular number of desired contact 
pads 772, shown in FIG. 5. For a 200mm substrate, pref- 
erably at least twenty-four connectors 776 are spaced 
equally over 360°. However, as the number of connec- 
tors reaches a critical level, the compliance of the sub- 
strate relative to the contact ring 466 is adversely affect- 
ed. Therefore, while more than twenty-four connectors 
776 may be used, contact uniformity may eventually di- 
minish depending on the topography of the contact pads 
772 and the substrate stiffness. Similarly, while less than 
twenty-four connectors 776 may be used, current flow 
is increasingly restricted and localized, leading to poor 
plating results. It is desired to select a number of con- 
nectors that provides for simple computations as to me 
angle between adjacent connectors to provide uniform 
spacing. For example, if twelve connectors are used, 
then the uniform spacing would provide one connector 
each 30 degrees. When twenty-four connectors are 
used, the uniform spacing between adjacent connectors 
becomes 15 degrees. Any multiple of twelve provides 
simple computation of angles between adjacent con- 
nectors. Since the dimensions of the process cell can 
be configured to suit a particular application. For exam- 
ple, the dimensions would be changed to compensate 
between a 200 and a 300mm substrate. 
[0033] FIG. 6 is a simplified schematic diagram rep- 
resenting a possible configuration of the electrical circuit 
for the contact ring 466. To provide a uniform current 
distribution between the conducting members 765, an 
external resistor 700 is connected in series with each of 
the conducting members 765. Preferably, the resistance 
value of the external resistor 700, represented as R EXT , 
is much greater than the resistance of any other com- 
ponent of the circuit. As shown in FIG. 6, the electrical 
circuit through each conducting member 765 is repre- 
sented by the resistance of each of the components con- 
nected in series with the power supply 702. R E repre- 
sents the resistance of the electrolyte solution, which is 
typically dependent on the distance between the anode 
and the cathode contact ring and the chemical compo- 
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sition of the electrolyte solution. Thus, R A represents the 
resistance of the electrolyte solution adjacent the sub- 
strate plating surface 754. R s represents the resistance 
of the substrate plating surface 754, and Hq represents 
the resistance of the cathode conducting members 765 
plus the constriction resistance resulting at the interface 
between the inner contact pads 772 and the substrate 
plating layer 754. Generally, the resistance value of the 
external resistor (Rext) te at least as mucn as IR > where 
IR equals the sum of R E , R A , R s and R c . Preferably, 
the resistance value of the external resistor (Rext) is 
much greater than ZR such that ZR is negligible and the 
resistance of each series circuit approximates Rgxj. 
[0034] Typically, one power supply is connected to all 
of the outer contact pads 780 of the electric contact el- 
ement 466, resulting in parallel circuits through the inner 
contact pads 772. However, as the inner contact pad- 
to-substrate interface resistance varies with each inner 
contact pad 772, more current will flow, and thus more 
plating will occur, at the site of lowest resistance. How- 
ever, by placing an external resistor in series with each 
conducting member 765, the value or quantity of elec- 
trical current passed through each conducting member 
765 becomes controlled mainly by the value of the ex- 
ternal resistor. The electric current through those con- 
ducting members that exceed other electric conductors 
can be relatively reduced by the addition of the external 
resistors in series with the conducting members. As a 
result, the variations in the electrical properties between 
each of the inner contact pads 772 can be modified to 
not affect the current distribution on the substrate. The 
uniform current density applied across the plating sur- 
face contributes to a uniform plating thickness of the 
metal film deposited on the seed layer on the substrate. 
The external resistors also provide a uniform current dis- 
tribution between different substrates of a process-se- 
quence. 

[0035] Although the contact ring 466 is designed to 
resist deposit buildup on the inner contact pads 772, 
ever multiple substrate plating cycles the substrate-pad 
interface resistance may increase, eventually reaching 
an unacceptable value. An electronic sensor/alarm 704 
can be connected across the external resistor 700 to 
monitor the voltage/current across the external resistor 
to address this problem. If the voltage/current across the 
external resistor 700 falls outside of a preset operating 
range that is Indicative of a high substrate-pad resist- 
ance, the sensor/alarm 704 triggers corrective meas- 
ures such as shutting down the plating process until the 
problems are corrected by an operator. Alternatively, a 
separate power supply can be connected to each con- 
ducting member 765 and can be separately controlled 
and monitored to provide a uniform current distribution 
across the substrate. A very smart system (VSS) may 
also be used to modulate the current flow. The VSS typ- 
ically comprises a processing unit and any combination 
of devices known in the industry used to supply and/or 
control current such as variable resistors, separate pow- 



er supplies, etc. As the physiochemical, and hence elec- 
trical, properties of the inner contact pads 772 change 
over time, the VSS processes and analyzes data feed- 
back. The data is compared to pre-established setpoints 

s and the VSS then makes appropriate current and volt- 
age alterations to ensure uniform deposition. 
[0036] FIG. 9 is a perspective view of an alternative 
embodiment of a cathode contact ring 1800. The cath- 
ode contact ring 1800 comprises a conductive metal or 

10 a metal alloy, such as stainless steel, copper, silver, 
gold, platinum, titanium, tantalum, and other conductive 
materials, or a combination of conductive materials, 
such as stainless steel coated with platinum. The cath- 
ode contact ring 1800 includes an upper mounting por- 

15 tion 1 81 0 adapted for mounting the cathode contact ring 
onto the substrate holder assembly and a lower sub- 
strate receiving portion 1 820 adapted for receiving a 
substrate therein. The substrate receiving portion 1820 
includes an annular substrate seating surface 1 822 hav- 

20 jng a plurality of contact pads or bumps 1 824 disposed 
thereon and preferably evenly spaced apart. When a 
substrate is positioned on the substrate seating surface 
1 822, the contact pads 1 824 physically contact a periph- 
eral region of the substrate to provide electrical contact 

25 to the electroplating seed layer on the substrate depo- 
sition surface. Preferably, the contact pads 1824 are 
coated with a noble metal, such as platinum or gold, that 
is resistant to oxidation. 

[0037] The exposed surfaces of the cathode contact 

30 ring, except the surfaces of the contact pads that come 
in contact with the substrate, are preferably treated to 
provide hydrophilic surfaces or coated with a material 
that exhibits hydrophilic properties. Hydrophilic materi- 
als and hydrophilic surface treatments are known in the 

35 art. One company providing a hydrophilic surface treat- 
ment is Millipore Corporation, located in Bedford, Mas- 
sachusetts. The hydrophilic surface significantly reduc- 
es beading of the electrolyte solution on the surfaces of 
the cathode contact ring and promotes smooth dripping 

40 of the electrolyte solution from the cathode contact ring 
after the cathode contact ring is removed from the elec- 
troplating bath or electrolyte solution. By providing hy- 
drophilic surfaces on the cathode contact ring that facil- 
itate run-off of the electrolyte solution, plating defects 

45 caused by residual electrolyte solution on the cathode 
contact ring are significantly reduced. The inventors al- 
so contemplate application of this hydrophilic treatment 
or coating in other embodiments of cathode contact 
rings to reduce residual electrolyte solution beading on 

so the cathode contact ring and the plating defects on a 
subsequently processed substrate that may result 
therefrom. 

[0038] FIG. 15 is an alternative embodiment of the 
process head assembly having a rotatable head assem- 
55 bly 2410 that may be utilized in place of the head as- 
sembly 410 shown in FIG. 4. Preferably, a rotational ac- 
tuator is disposed on the cantilevered arm and attached 
to the head assembly to rotate the head assembly dur- 
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ing substrate processing. The rotatable head assembly 
2410 is mounted onto a head assembly frame 2452. The 
alternative head assembly frame 2452 and the rotatable 
head assembly 2410 are mounted onto the mainframe 
similarly to the head assembly frame 452 and head as- 5 
sembly 410 as shown in FIG. 4 and described above. 
The head assembly frame 2452 includes a mounting 
post 2454, a post cover 2455, and a cantilever arm 

2456. The mounting post 2454 is mounted onto the body 
of the mainframe 214, and the post cover 2455 covers 
a top portion of the mounting post 2454. Preferably, the 
mounting post 454 provides rotational movement, as in- 
dicated by arrow A1 , with respect to a vertical axis along 
the mounting post to allow rotation of the head assembly 
frame 2452. The cantilever arm 2456 extends laterally 
from an upper portion of the mounting post 2454 and is 
pivotally connected to the post cover 2455 at the pivot 
joint 2459. The rotatable head assembly 2410 is at- 
tached to a mounting slide 2460 disposed at the distal 
end of the cantilever arm 2456. The mounting slide 2460 
guides the vertical motion of the head assembly 2410. 
A head lift actuator 2458 is disposed on top of the mount- 
ing slide 2460 to provide vertical displacement of the 
head assembly 2410. 

[0039] The lower end of the cantilever arm 2456 is 
connected to the shaft 2453 of a cantilever arm actuator 

2457, such as a pneumatic cylinder or a lead-screw ac- 
tuator, mounted on the mounting post 2454. The canti- 
lever arm actuator 2457 provides pivotal movement, as 
indicated by arrow A2, of the cantilever arm 2456 with 
respect to the joint 2459 between the cantilever arm 
2456 and the post cover 2454. When the cantilever arm 
actuator 2457 is retracted, the cantilever arm 2456 
moves the head assembly 241 0 away from the electro- 
lyte cell 420. The movement of the head assembly 241 0 
provides the spacing required to remove and/or replace 
the electrolyte cell 420 from the electrolyte cell 240. 
When the cantilever arm actuator 2457 is extended, the 
cantilever arm 2456 moves the head assembly 241 0 to- 
ward ine electrolyte cell 420 to position the substrate in 
the head assembly 2410 in a processing position. 
[0040] The rotatable head assembly 241 0 includes a 
rotating actuator 2464 slideably connected to the 
mounting slide 2460. The shaft 2468 of the head lift ac- 
tuator2458 is inserted through a lift guide 2466 attached 
to the body of the rotating actuator 2464. Preferably, the 
shaft 2468 is a lead-screw type shaft that moves the lift 
guide, as indicated by arrows A3, between various ver- 
tical positions. The rotating actuator 2464 is connected 
to the substrate holder assembly 2450 through the shaft 
2470 and rotates the substrate holder assembly 2450, 
as indicated by arrows A4. The substrate holder assem- 
bly 2450 may include a bladder assembly. To seal a por- 
tion of the backside of the substrate (that faces upwardly 
in the substrate holder assembly) against the electrolyte 
solution contained in the electrolyte cell, a cathode con- 
tact ring is provided, such as shown in the embodiments 
described above with respect to FIG. 4. 



[0041] The rotation of the substrate during the elec- 
troplating process generally enhances the deposition 
results. Preferably, the head assembly is rotated be- 
tween about 2 rpm and about 200 rpm, preferably be- 
tween about 20 and 40 rpm, during the electroplating 
process. The substrate holder assembly 2472 can be 
rotated to impart rotation to the substrate as the sub- 
strate holder system 14 immerses by lowering the seed 
layer on the substrate into contact with the electrolyte 
solution in the process cell. The head assembly is raised 
to remove the seed layer on the substrate from the elec- 
trolyte solution in the process cell. The head assembly 
is preferably rotated at a high speed, i.e., between about 
1 00 and about 2500 rpm, after the head assembly is lift- 
ed from the process cell to enhance removal of residual 
electrolyte solution from the head assembly by centrif- 
ugal force. 

[0042] In one embodiment, the uniformity of the de- 
posited film has been improved within about 2%, i.e., 
maximum deviation of deposited film thickness is at 
about 2% of the average film thickness, while standard 
electroplating processes typically achieves uniformity at 
best within about 5.5%. However, rotation of the head 
assembly is not necessary to achieve uniform electro- 
plating deposition in some instances, particularly where 
the uniformity of electroplating deposition is achieved by 
adjusting the processing parameters, such as the chem- 
icals in the electrolyte solution, electrolyte solution flow 
and other parameters. 

[0043] FIG . 4 shows a cross sectional view of the elec- 
troplating process cell 400, including the substrate hold- 
er assembly 450 positioned above the electrolyte cell 
420. The electrolyte cell 420 generally comprises a bowl 
430, a container body 472, an anode assembly 474, and 
a filter 476. Preferably, the anode assembly 474 is dis- 
posed below the container body 472 and attached to a 
lower portion of the container body 472, and the filter 
476 is disposed between the anode assembly 474 and 
the container body 472. The container body 472 is pref- 
erably a cylindrical body comprised of an electrically in- 
sulative material, such as ceramics, plastics, PLEX- 
IGLAS® (acrylic), lexane, PVC, CPVC, and PVDF. Al- 
ternatively, the container body 472 can be made from a 
coated metal, such as stainless steel, nickel and titani- 
um. The coated metal is coated with an insulating layer 
such as TEFLON® (a trademark of the E. I. duPont de 
Nemoirs Company of Wilmington, DE.), PVDF, plastic, 
rubber and other combinations of materials that do not 
dissolve in the electrolyte solution. The insulating layer 
can be electrically insulated from the electrodes, i.e., the 
anode and cathode of the ECP system. The container 
body 472 is preferably sized and adapted to conform to 
the substrate plating surface and the shape of a sub- 
strate being processed through the system, typically cir- 
cular or rectangular in shape. One preferred embodi- 
ment of the container body 472 comprises a cylindrical 
ceramic tube having an inner diameter that has about 
the same dimension as or slightly larger than the sub- 



15 



20 



25 



30 



35 



40 



45 



SO 



9 



15 



EP1 170 402 A1 



16 



strate diameter. Rotational movement typically required 
in typical ECP systems is not required to achieve uni- 
form plating results when the size of the container body 
conforms to about the size of the substrate plating sur- 
face. 

[0044] An upper portion of the container body 472 ex- 
tends radially outwardly to form an annular weir 478. 
The weir 478 extends over the inner wall 446 of the elec- 
trolyte solution collector 440 and allows the electrolyte 
solution to flow into the electrolyte solution collector 440. 
The upper surface of the weir 478 preferably matches 
the lower surface of the electric contact element 466. 
Preferably, the upper surface of the weir 478 includes 
an inner annular flat portion 480, a middle inclined por- 
tion 482 and an outer declined portion 484. When a sub- 
strate is positioned in the processing position, the sub- 
strate plating surface is positioned above the cylindrical 
opening of the container body 472. A gap for electrolyte 
solution flow is formed between the lower surface of the 
electric contact element 466 and the upper surface of 
the weir 478. The lower surface of the electric contact 
element 466 is disposed above the inner flat portion 480 
and the middle inclined portion of the weir 478. The outer 
declined portion 484 is sloped downwardly to facilitate 
flow of the electrolyte solution into the electrolyte solu- 
tion collector 440. 

[0045] A lower portion of the container body 472 ex- 
tends radially outwardly to form a lower annular flange 
486 for securing the container body 472 to the bowl 430. 
The outer dimension, i.e., circumference, of the annular 
flange 486 is smaller than the dimensions of the opening 
444 and the inner circumference of the electrolyte solu- 
tion collector 440. The smaller dimension of the annular 
flange to allow removal and replacement of the electro- 
lyte cell 420 from the electroplating process cell 400. 
Preferably, multiple bolts 488 are fixedly disposed on the 
annular flange 486 and extend downwardly through 
matching bolt holes on the bowl 430. A plurality of re- 
movable fastener nuts 490 secures the electrolyte cell 
420 onto the bowl 430. A seal 487, such as an elastomer 
O-ring, is disposed between container body 472 and the 
bowl 430 radially inwardly from the bolts 488 to prevent 
leaks from the electrolyte cell 420. The nuts/bolts com- 
bination facilitates fast and easy removal and replace- 
ment of the components of the electrolyte cell 420 during 
maintenance. 

[0046] Preferably, the filter 476 is attached to and 
completely covers the lower opening of the container 
body 472, and the anode assembly 474 is disposed be- 
low the filter 476. A spacer 492 is disposed between the 
filter 476 and the anode assembly 474. Preferably, the 
filter 476, the spacer 492, and the anode assembly 474 
are fastened to a lower surface of the container body 
472 using removable fasteners, such as screws and/or 
bolts. Alternatively, the filter 476, the spacer 492, and 
the anode assembly 474 are removably secured to the 
bowl 430. 

[0047] The anode assembly 474 preferably compris- 



es a consumable anode that serves as a metal ion 
source in the electrolyte solution. Alternatively, the an- 
ode assembly 474 comprises a non-consumable anode, 
and the metal ions to be electroplated are supplied with- 
5 in the electrolyte solution from the electrolyte solution 
replenishing system 220. As shown in FIG. 4, the anode 
assembly 474 is a self-enclosed module having a po- 
rous anode enclosure 494 preferably made of the same 
metal as the metal ions to be electroplated, such as cop- 
ra per. Alternatively, the anode enclosure 494 is made of 
porous materials, such as ceramics or polymeric mem- 
branes. A soluble metal 496, such as high purity copper 
for electro-chemical plating of copper, is disposed within 
the anode enclosure 494. The soluble metal 496 pref- 
15 erably comprises metal particles, wires or a perforated 
sheet. The porous anode enclosure 494 also acts as a 
filter that keeps the particulates generated by the dis- 
solving metal within the anode enclosure 494. As com- 
pared to a non-consumable anode, the consumable, I. 
20 e., soluble, anode provides gas-generation-free electro- 
lyte solution and minimizes the need to constantly re- 
plenish the metal ions contained in the electrolyte solu- 
tion. 

[0048] An anode electrode contact 498 is inserted 
25 through the anode enclosure 494 to provide electrical 
connection to the soluble metal 496 from a power sup- 
ply. Preferably, the anode electrode contact 498 is made 
from a conductive material that is insoluble in the elec- 
trolyte solution, such as titanium, platinum and platinum- 
30 coated stainless steel. The anode electrode contact 498 
extends through the bowl 430 and Is connected to an 
electrical power supply. Preferably, the anode electrical 
contact 498 includes a threaded portion 497 for a fas- 
tener nut 499 to secure the anode electrical contact 498 
35 to the bowl 430, and a seal 495 such as a elastomer 
washer. The washer is disposed between the fastener 
nut 499 and the bowl 430 to prevent leaks from the elec- 
trolyte cell 420. 

[0049] The bowl 430 generally comprises a cylindrical 

40 portion 502 and a bottom portion 504. An upper annular 
flange 506 extends radiaiiy outwardly from the top of the 
cylindrical portion 502. The upper annular flange 506 in- 
cludes a plurality of holes 508 that matches the number 
of bolts 488 from the lower annular flange 486 of the 

45 container body 472. Bolts 488 are inserted through the 
holes 508, and the fastener nuts 490 are fastened onto 
the bolts 488 that secure the upper annular flange 506 
of the bowl 430 to the lower annular flange 486 of the 
container body 472. Preferably, the outer dimension, i. 

so e., circumference, of the upper annular flange 506 is 
about the same as the outer dimension, i.e., circumfer- 
ence, of the lower annular flange 486. Preferably, the 
lower surface of the upper an nular flange 506 of the bowl 
430 rests on a support flange of the mainframe 214 

55 when the electrolyte cell 420 is positioned on the main- 
frame 214. 

[0050] The inner circumference of the cylindrical por- 
tion 502 accommodates the anode assembly 474 and 
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the filter 476. Preferably, the outer dimensions of the fil- 
ter 476 and the anode assembly 474 are slightly smaller 
than the Inner dimension of the cylindrical portion 502. 
These relative dimensions force a substantial portion of 
the electrolyte solution to flow through the anode as- s 
sembly 474 first before flowing through the filter 476. 
The bottom portion 604 of the bowl 430 includes an elec- 
trolyte solution inlet 51 0 that connects to an electrolyte 
solution supply line from the electrolyte solution replen- 
ishing system 220. Preferably, the anode assembly 474 10 
is disposed about a middle portion of the cylindrical por- 
tion 502 of the bowl 430. The anode assembly 474 is 
configured to provide a gap for electrolyte solution flow 
between the anode assembly 474 and the electrolyte 
solution inlet 51 0 on the bottom portion 504. w 
[0051] The electrolyte solution inlet 510 andthe elec- 
trolyte solution supply line are preferably connected by 
a releasable connector that facilitates easy removal and 
replacement of the electrolyte cell 420. When the elec- 
trolyte cell 420 needs maintenance, the electrolyte so- 20 
lution is drained from the electrolyte ceil 420, and the 
electrolyte solution flow in the electrolyte solution supply 
line is discontinued and drained. The connector for the 
electrolyte solution supply line is released from the elec- 
trolyte solution inlet 510, and the electrical connection 25 
to the anode assembly 474 is also disconnected. The 
head assembly 410 is raised or rotated to provide clear- 
ance for removal of the electrolyte cell 420. The electro- 
lyte cell 420 is then removed from the mainframe 214, 
and a new or reconditioned process cell is replaced into 30 
the mainframe 214. 

[0052] Alternatively, the bowl 430 can be secured on- 
to the support flange of the mainframe 21 4, andthe con- 
tainer body 472 along with the anode and the filter are 
removed for maintenance. In this case, the nuts secur- 35 
ing the anode assembly 474 and the container body 472 
to the bowl 430 are removed to facilitate removal of the 
anode assembly 474 and the container body 472. New 
or reconditioned anode assembly 474 and container 
body 472 are then replaced into the mainframe 21 4 and *o 
secured to the bowl 430. 

[0053] FIG. 10 is a cross sectional view of one em- 
bodiment of an encapsulated anode. The encapsulated 
anode 2000 includes a permeable anode enclosure that 
filters or traps "anode sludge" or particulates generated *5 
by the anode as a waste product. As shown in FIG. 10, 
the anode plate 2004 comprises a solid piece of copper. 
Preferably, the anode plate 2004 is a high purity, oxygen 
free copper, enclosed in a hydrophilic anode encapsu- 
lation membrane 2002. The anode plate 2004 is se- so 
cured and supported by a plurality of electrical contacts 
or feed-throughs 2006 that extend through the bottom 
of the bowl 430. The electrical contacts or feed-throughs 
2006 extend through the anode encapsulation mem- 
brane 2002 into the bottom surface of the anode plate ss 
2004. The flow of the electrolyte solution, as indicated 
by the arrow A, from the electrolyte solution inlet 510 
disposed at the bottom of the bowl 430 through the gap 



between the anode and the bowl sidewall. The electro- 
lyte solution also flows through the anode encapsulation 
membrane 2002 by permeation into and out of the gap 
between the anode encapsulation membrane and the 
anode plate, as indicated by the arrow B. Preferably, the 
anode encapsulation membrane 2002 comprises a hy- 
drophilic porous membrane, such as a modified polyvi- 
nyllidene fluoride membrane, having porosity between 
about 60% and 80%, more preferably about 70%, and 
pore sizes between about 0.025u,m and about 1 urn, 
more preferably between about 0.1 u.m and about 0.2 
ujn. One example of a hydrophilic porous membrane is 
the Durapore Hydrophilic Membrane, available from Mil- 
lipore Corporation, located in Bedford, Massachusetts. 
As the electrolyte solution flows through the encapsula- 
tion membrane, anode sludge and particulates gener- 
ated by the dissolving anode are filtered or trapped by 
the encapsulation membrane. Thus, the encapsulation 
membranes improve the purity of the electrolyte solution 
during the electroplating process, and defect formations 
on the substrate during the electroplating process 
caused by anode sludge and contaminant particulates 
are significantly reduced. 

[0054] FIG. 11 is a cross sectional view of another em- 
bodiment of an encapsulated anode. The anode plate 
2004 is secured and supported on the electrical feed- 
throughs 2006. A top encapsulation membrane 2008 
and a bottom encapsulation membrane 2010, disposed 
respectively above and below the anode plate 2004, are 
attached to a membrane support ring 2012 that is dis- 
posed around the anode plate 2004. The top and bottom 
encapsulation membranes 2008, 2010 comprise a ma- 
terial from the list above. The membrane support ring 
2012 preferably comprises a relatively rigid material as 
compared to the encapsulation membrane, such as 
plastic or other polymers. A bypass fluid inlet 2014 is 
disposed through the bottom of the bowl 430 and 
through the bottom encapsulation membrane 2010 to 
introduce electrolyte solution into the gap between the 
encapsulation membranes and the anode plate. A by- 
pass outlet 201 6 is connected to the membrane support 
ring 2012 and extends through the bowl 430 to facilitate 
flow of excess electrolyte solution with the anode sludge 
or generated particulates out of the encapsulated anode 
into a waste drain, not shown. 
[0055] Preferably, the electrolyte solution flows within 
the bypass fluid inlet 2014 and the main electrolyte so- 
lution inlet 51 0 are individually controlled by flow control 
valves 2020, 2022. The individual flow control valves 
2020, 2022 are respectively placed along the fluid lines 
connected to the inlets. The fluid pressure in the bypass 
fluid inlet 201 4 is preferably maintained at a higher pres- 
sure than the pressure in the main electrolyte solution 
inlet 510. The flow of the electrolyte solution inside the 
bowl 430 from the main electrolyte solution inlet 51 0 is 
indicated by arrows A, and the flow of the electrolyte 
solution inside the encapsulated anode 2000 is indicat- 
ed by the arrows B. A portion of the electrolyte solution 
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introduced into the encapsulated anode flows out of the 
encapsulated anode through the bypass outlet 201 6. By 
providing a dedicated bypass electrolyte solution supply 
into the encapsulated anode, the anode sludge or par- 
ticulates generated from the dissolving anode is contin- s 
ually removed from the anode, thereby improving the 
purity of the electrolyte solution during the electroplating 
process. 

[0056] FIG. 12 is a cross sectional view of yet another 
embodiment of an encapsulated anode. This embodi- 10 
ment of an encapsulated anode 2000 includes an anode 
plate 2004, a plurality of electrical feed-throughs 2006, 
a top encapsulation membrane 2008, a bottom encap- 
sulation membrane 2010, a membrane support ring 
2012, and a bypass outlet 201 6. The anode plate 2004 15 
is secured and supported on the plurality of electrical 
feed-throughs 2006. The top and a bottom encapsula- 
tion membrane 2008, 201 0 are attached to a membrane 
support ring 201 2. The bypass outlet 201 6 is connected 
tothe membrane support ring 201 2 and extends through 20 
the bowl 430. This embodiment of an encapsulated an- 
ode preferably comprises materials as described above 
for the previous-described embodiments of an encap- 
sulated anode. The bottom encapsulation membrane 
2010 includes one or more openings 2024 disposed 25 
substantially above the main electrolyte solution inlet 
510. Each opening 2024 is adapted to receive flow of 
electrolyte solution from the main electrolyte solution in- 
let 510 and is preferably about the same size as the in- 
ternal circumference of the main electrolyte solution in- so 
let 51 0. The flow of the electrolyte solution from the main 
electrolyte solution inlet 510, indicated by the arrow A, 
and the flow of the electrolyte solution within the encap- 
sulated anode, indicated by the arrow B. A portion of the 
electrolyte solution flows out of the encapsulated anode 35 
through the bypass outlet 201 6, carrying a portion of the 
anode sludge and particulates generated from anode 
dissolution. 

[0057] FIG. 1 3 is a cross sectional view of another em- 
bodiment of an encapsulated anode. This embodiment *o 
of an encapsulated anode 2000 includes an anode plate 
2002, a plurality of electrical feed-throughs 2006, a top 
encapsulation membrane 2008, a bottom encapsulation 
membrane 2010, a membrane support ring 201 2, and a 
bypass fluid inlet 201 4. The anode plate 2002 is secured 45 
and supported on a plurality of electrical feed-throughs 
2006. The top and bottom encapsulation membranes 
2008, 2010 are attached to a membrane support ring 
2012. A bypass fluid inlet 2014 is disposed through the 
bottom of the bowl 430 and through the bottom encap- so 
sulation membrane 201 0 to introduce electrolyte solu- 
tion into the gap between the encapsulation membranes 
and the anode plate. This embodiment of an encapsu- 
lated anode preferably comprises materials as de- 
scribed above for the above-described embodiments of ss 
an encapsulated anode. Preferably, the electrolyte so- 
lution flows through the bypass fluid inlet 2014 and the 
main electrolyte solution inlet 510 are individually con- 



trolled by control valves 2020, 2022, respectively. The 
flow of the electrolyte solution from the main electrolyte 
solution inlet 510 is indicated by the arrows A. The flow 
of the electrolyte solution through the encapsulated an- 
ode is indicated by arrow B. For this embodiment, the 
anode sludge and particulates generated by the dissolv- 
ing anode plate are filtered and trapped by the encap- 
sulation membranes as the electrolyte solution passes 
through the membrane. 

[0058] FIG. 7 Is a schematic diagram of one embodi- 
ment of electrolyte solution replenishing system 220. 
The electrolyte solution replenishing system 220 pro- 
vides the electrolyte solution to the electroplating proc- 
ess cells for the electroplating process. The electrolyte 
solution replenishing system 220 generally comprises a 
main electrolyte solution tank 602, a dosing module 603, 
a filtration module 605, a chemical analyzer module 61 6, 
and an electrolyte solution waste disposal system 622. 
The electrolyte solution waste disposal system 622 is 
connected to the analyzing module 61 6 by an electrolyte 
solution waste drain 620. One or more controllers con- 
trol the composition of the electrolyte solution in the 
main tank 602 and the operation of the electrolyte solu- 
tion replenishing system 220. Preferably, the controllers 
are independently operable but integrated with the con- 
troller 222 of the ECP system 200. 
[0059] The main electrolyte solution tank 602 pro- 
vides a reservoir for electrolyte solution and includes an 
electrolyte solution supply line 612 that is connected to 
each of the electroplating process cells through one or 
more fluid pumps 608 and valves 607. A heat exchanger 
624 or a heater/chiller disposed in thermal connection 
with the main tank 602 controls the temperature of the 
electrolyte solution stored in the main tank 602. The heat 
exchanger 624 is connected to and operated by the con- 
troller 610. 

[0060] The dosing module 603 is connected to the 
main tank 602 by a supply line and includes a plurality 
of source tanks 606, or feed bottles, a plurality of valves 
609, and a controller 61 1 . The source tanks 606 contain 
the chemicals needed for composing the electrolyte so- 
lution and typically include a deionized water source 
tank and copper sulfate (CuS0 4 ) source tank for com- 
posing the electrolyte solution. Other source tanks 606 
may contain hydrogen sulfate (H 2 S0 4 ), hydrogen chlo- 
ride (HCI) and various additives such as glycol. Each 
source tank is preferably color coded and fitted with a 
unique mating outlet connector adapted to connect to a 
matching inlet connector in the dosing module. By color 
coding the source tanks and fitting the source tanks with 
unique connectors, errors caused by human operators 
when exchanging or replacing the source tanks are sig- 
nificantly reduced. 

[0061] The deionized water source tank preferably al- 
so provides deionized water to the system for cleaning 
the system during maintenance. The valves 609 asso- 
ciated with each source tank 606 regulate the flow of 
chemicals to the main tank 602 and may be any of nu- 
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merous commercially available valves such as butterfly 
valves, throttle valves and the like. Activation of the 
valves 609 is accomplished by the controller 611 which 
is preferably connected to the controller 222 to receive 
signals therefrom. 

[0062] The electrolyte solution filtration module 605 
includes a plurality of filter tanks 604. An electrolyte so- 
lution return line 614 is connected between each of the 
process cells and one or more filter tanks 604. The filter 
tanks 604 remove the undesired contents in the used 
electrolyte solution before returning the electrolyte so- 
lution to the main tank 602 for re-use. The main tank 
602 is also connected to the filter tanks 604 to facilitate 
re-circulation and filtration of the electrolyte solution in 
the main tank 602. By re-circulating the electrolyte so- 
lution from the main tank 602 through the filter tanks 
604, the undesired contents in the electrolyte solution 
are continuously removed by the filter tanks 604 to main- 
tain a consistent level of purity. Additionally, re-circulat- 
ing the electrolyte solution between the main tank 602 
and the filtration module 605 allows the various chemi- 
cals in the electrolyte solution to be thoroughly mixed. 
[0063] The electrolyte solution replenishing system 
220 also includes a chemical analyzer module 616 that 
provides real-time chemical analysis of the chemical 
composition of the electrolyte solution. The analyzer 
module 61 6 is fluidly coupled to the main tank 602 by a 
sample line 613 and to the waste disposal system 622 
by an outlet line 621 . The analyzer module 61 6 generally 
comprises at least one analyzer and a controller to op- 
erate the analyzer. The number of analyzers required 
for a particular processing tool depends on the compo- 
sition of the electrolyte solution. For example, while a 
first analyzer may be used to monitor the concentrations 
of organic substances, a second analyzer is needed for 
inorganic chemicals. In the specific embodiment shown 
in FIG. 7 the chemical analyzer module 616 comprises 
an auto titration analyzer 615 and a cyclic voltametric 
stripper (CVS) 617. Both analyzers are commercially 
available from various suppliers. An auto titration ana- 
lyzer which may be used to advantage is available from 
Parker Systems and a cyclic voltametric stripper is avail- 
able from ECI. The auto titration analyzer 615 deter- 
mines the concentrations of inorganic substances such 
as copper chloride and acid. The CVS 61 7 determines 
the concentrations of organic substances such as the 
various additives which may be used in the electrolyte 
solution and by-products resulting from the processing 
which are returned to the main tank 602 from the proc- 
ess cells. 

[0064] The analyzer module shown FIG. 7 is merely 
illustrative. In another embodiment each analyzer may 
be coupled to the main electrolyte solution tank by a sep- 
arate supply line and be operated by separate control- 
lers. Persons skilled in the art will recognize other em- 
bodiments. 

[0065] in operation, a sample of electrolyte solution is 
flowed to the analyzer module 616 via the sample line 



613. Although the sample may be taken periodically, 
preferably a continuous flow of electrolyte solution is 
maintained to the analyzer module 616. A portion of the 
sample is delivered to the auto titration analyzer 61 5 and 

5 a portion is delivered to the CVS 61 7 for the appropriate 
analysis. The controller 619 initiates command signals 
to operate the analyzers 615, 617 in order to generate 
data. The information from the chemical analyzers 615, 
617 is then communicated to the controller 222. The 

10 controller 222 processes the information and transmits 
signals that include user-defined chemical dosage pa- 
rameters to the dosing controller 611 . The received in- 
formation is used to provide real-time adjustments to the 
source chemical replenishment rates by operating one 

15 or more of the valves 609. The received information 
thereby maintains a desired, and preferably constant, 
chemical composition of the electrolyte solution 
throughout the electroplating process. The waste elec- 
trolyte solution from the analyzer module is then flowed 

20 to the waste disposal system 622 via the outlet line 621 . 
[0066] Although a preferred embodiment utilizes real- 
time monitoring and adjustments of the electrolyte solu- 
tion, various alternatives may be employed. For exam- 
ple, the dosing module 603 may be controlled manually 

25 by an operator observing the output values provided by 
the chemical analyzer module 61 6. Preferably, the sys- 
tem software allows for both an automatic real-time ad- 
justment mode as well as an operator, manual, mode. 
Further, although multiple controllers are shown in FIG. 

30 7, a single controller may be used to operate various 
components of the system such as the chemical ana- 
lyzer module 61 6, the dosing module 603, and the heat 
exchanger 624. Other embodiments will be apparent to 
those skilled in the art. 

35 [0067] The electrolyte solution replenishing system 
220 also includes an electrolyte solution waste drain 620 
connected to an electrolyte solution waste disposal sys- 
tem 622 for safe disposal of used electrolyte solutions, 
chemicals and other fluids used in the ECP system. 

40 Preferably, the electroplating cells include a direct line 
connection to the electrolyte solution waste drain 620 . 
or the electrolyte solution waste disposal system 622. 
The electrolyte solution waste drain 620 drains the elec- 
troplating cells without returning the electrolyte solution 

45 through the electrolyte solution replenishing system 
220. The electrolyte solution replenishing system 220 
preferably also includes a bleed off connection to bleed 
off excess electrolyte solution to the electrolyte solution 
waste drain 620. 

so [0068] Preferably, the electrolyte solution replenish- 
ing system 220 also includes one or more degasser 
modules 630 adapted to remove undesirable gases 
from the electrolyte solution. The degasser module gen- 
erally comprises a membrane that separates gases 

55 from the fluid passing through the degasser module and 
a vacuum system for removing the released gases. The 
degasser modules 630 are preferably placed in line on 
the electrolyte solution supply line 612 adjacent to the 
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process cells 240. The degasser modules 630 are pref- 
erably positioned as close as possible to the process 
cells 240 so most of the gases from the electrolyte so- 
lution replenishing system are removed by the degasser 
modules before the electrolyte solution enters the proc- 5 
ess cells. Preferably, each degasser module 630 in- 
cludes two outlets to supply degassed electrolyte solu- 
tion to the two process cells 240 of each processing sta- 
tion 218. Alternatively, a degasser module 630 is pro- 
vided for each process cell. The degasser modules can 10 
be placed at many other alternative positions. For ex- 
ample, the degasser module can be placed at other po- 
sitions in the electrolyte solution replenishing system, 
such as along with the filter section or in a closed-loop 
system with the main tank or with the process cell. As is 
another example, one degasser module is placed in line 
with the electrolyte solution supply line 612 to provide 
degassed electrolyte solution to all of the process cells 
240 of the electro-chemical plating system. Additionally, 
a separate degasser module is positioned in-line or in a 20 
closed-ioop with the deionized water supply line and is 
dedicated for removing oxygen from the deionized water 
source. Because deionized water is used to rinse the 
processed substrates, free oxygen gases are preferable 
removed from the deionized water before reaching the & 
SRD modules so that the electroplated copper is less 
likely to become oxidized by the rinsing process. Degas- 
ser modules are well known in the art and commercial 
embodiments are generally available and adaptable for 
use in a variety of applications. A commercially available 30 
degasser module is available from Millipore Corpora- 
tion, located in Bedford, Massachusetts. 
[0069] One embodiment of the degasser module 630, 
as shown in FIG. 1 6, includes a hydrophobic membrane 
632 having a fluid, i.e., electrolyte solution, passage 634 35 
on one side of the membrane 632. A vacuum system 
636 disposed on the opposite side of the membrane. 
The enclosure 638 of the degasser module includes an 
inlet 640 and one or more outlets 642. As the electrolyte 
solution passes through the degasser module 630, the *o 
gases and other micro-bubbles in the electrolyte solu- 
tion are separated from the electrolyte solution through 
the hydrophobic membrane and removed by the vacu- 
um system. Another embodiment of the degasser mod- 
ule 630', as shown in FIG. 1 7, includes a tube of hydro- 45 
phobic membrane 632' and a vacuum system 636 dis- 
posed around the tube of hydrophobic membrane 632'. 
The electrolyte solution is introduced inside the tube of 
hydrophobic membrane, and as the electrolyte solution 
passes through the fluid passage 634 in the tube. The 50 
hydrophobic membrane separates gases and other mi- 
cro-bubbles in the electrolyte solution, and a tube that 
is connected to the vacuum system 636 removes the 
separated gasses. More complex designs of degasser 
modules are contemplated, including designs having 55 
serpentine paths of the electrolyte solution across the 
membrane and other multi-sectioned designs of degas- 
ser modules. 



[0070] Although not shown in FIG. 7, the electrolyte 
solution replenishing system 220 may include a number 
of other components. For example, the electrolyte solu- 
tion replenishing system 220 preferably also includes 
one or more additional tanks for storage of chemicals 
for a substrate cleaning system, such as the SRD sta- 
tion. Double-contained piping for hazardous material 
connections may also be employed to provide safe 
transport of the chemicals throughout the system. Op- 
tionally, the electrolyte solution replenishing system 220 
includes connections to additional or external electrolyte 
solution processing system to provide additional elec- 
trolyte solution supplies to the ECP system. 
[0071] FIG. 8 is a cross sectional view of an embodi- 
ment of rapid thermal anneal (RTA) chamber. The RTA 
chamber 21 1 is preferably connected to the loading sta- 
tion 210, and substrates are transferred into and out of 
the RTA chamber 211 by the loading station transfer ro- 
bot 228. The ECP system, as shown in FIGs. 2 and 3, 
preferably comprises two RTA chambers 21 1 disposed 
on opposing sides, of the loading station 210, corre- 
sponding to the symmetric design of the loading station 
21 0. RTA chambers are generally well known in the art, 
and RTA chambers are typically utilized in substrate 
processing systems to enhance the properties of the de- 
posited materials. A variety of RTA chamber designs, 
including hot plate designs and heat lamp designs, may 
be used to enhance the electroplating results. One RTA 
chamber is the WxZ chamber available from Applied 
materials, Inc., located in Santa Clara, California. Al- 
though this disclosure is described using a hot plate RTA 
chamber, other types of RTA chambers may be used as 
well. 

[0072] Referring back to FIG. 2, the ECP system 200 
includes the controller 222 that controls the functions of 
each component of the platform. Preferably, the control- 
ler 222 is mounted above the mainframe 214, and the 
controller comprises a programmable microprocessor. 
The programmable microprocessor is typically pro- 
grammed using a software designed specifically for con- 
trol Sing all components of the ECP system 200. The con- 
troller 222 also provides electrical power to the compo- 
nents of the system and includes a control panel 223 
that allows an operator to monitor and operate the ECP 
system 200. The control panel 223, as shown in FIG. 2, 
is a stand-alone module that is connected to the con- 
troller 222 through a cable and provides easy access to 
an operator. Generally, the controller 222 coordinates 
the operations of the loading station 21 0, the RTA cham- 
ber 211 , the SRD station 212, the mainframe 214 and 
the processing stations 218. Additionally, the controller 
222 coordinates with the controller of the electrolyte so- 
lution replenishing system 220 to provide the electrolyte 
solution for the electroplating process. 
[0073] One embodiment of typical substrate electro- 
plating process sequence through the electroplating 
system platform 200 is described relative to FIG. 2. A 
substrate cassette containing a plurality of substrates is 
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loaded into the substrate cassette receiving areas 224 
in the loading station 210 of the electroplating system 
platform 200. A loading station transfer robot 228 picks 
up a substrate from a substrate slot in the substrate cas- 
sette and places the substrate in the substrate orientor 5 
230. The substrate orientor 230 determines and orients 
the substrate to a desired orientation for processing 
through the system. The loading station transfer robot 
228 then transfers the oriented substrate from the sub- 
strate orientor 230 and positions the substrate in one of 
the substrate slots in the substrate pass-through cas- 
sette 238 in the SRD station 212. The mainframe trans- 
fer robot 242 picks up the substrate from the substrate 
pass-through cassette 238 and positions the substrate 
for transfer by the flipper robot 248. The flipper robot 
248 rotates its robot blade below the substrate and picks 
up substrate from mainframe transfer robot blade. The 
vacuum suction gripper on the flipper robot blade se- 
cures the substrate on the flipper robot blade, and the 
flipper robot flips the substrate from a face up position 
to a face down position. The flipper robot 248 rotates 
and positions the substrate face down in the substrate 
holder assembly 460. The substrate is positioned below 
the substrate holder plate 464 but above the cathode 
contact ring 466. The flipper robot 248 then releases the 
substrate to position the substrate into the cathode con- 
tact ring 466. The substrate holder plate 464 moves to- 
ward the substrate and the vacuum chuck secures the 
substrate on the substrate holder plate 464. The bladder 
assembly 470 on the substrate holder assembly 450 ex- 
erts pressure against the substrate backside to ensure 
electrical contact between the substrate plating surface 
and the cathode contact ring 466. 
[0074] The head assembly 452 is lowered to a 
processing position above the electrolyte cell 420. At 
this position the substrate is below the upper plane of 
the weir 478 and contacts the electrolyte solution con- 
tained in the electrolyte cell 420. The power supply is 
activated to supply electrical power, i.e., voltage and 
current, to the cathode and the anode to enable the elec- 
troplating process. The electrolyte solution is typically 
continually pumped into the process cell during the elec- 
troplating process. The electrical power supplied to the 
cathode and the anode and the flow of the electrolyte 
solution are controlled by the controller 222 to achieve 
the desired electroplating results. Preferably, the head 
assembly is rotated as the head assembly is lowered 
and also during the electroplating process. 
[0075] After the electroplating process is completed, 
the head assembly 410 raises the substrate holder as- 
sembly and removes the substrate from the electrolyte 
solution. Preferably, the head assembly is rotated for a 
period of time to enhance removal of residual electrolyte 
solution from the substrate holder assembly. The vacu- 
um chuck and the bladder assembly of the substrate 
holder assembly then release the substrate from the 
substrate holder plate. The substrate holder assembly 
is raised to allow the flipper robot blade to pick up the 



processed substrate from the cathode contact ring. The 
flipper robot rotates the flipper robot blade above the 
backside of the processed substrate in the cathode con- 
tact ring and picks up the substrate using the vacuum 
suction gripper on the flipper robot blade. The flipper ro- 
bot rotates the flipper robot blade with the substrate out 
of the substrate holder assembly, flips the substrate 
from a face-down position to a face-up position, and po- 
sitions the substrate on the mainframe transfer robot 
blade. The mainframe transfer robot then transfers and 
positions the processed substrate above the SRD mod- 
ule 236. The SRD substrate support lifts the substrate, 
and the mainframe transfer robot blade retracts away 
from the SRD module 236. The substrate is cleaned in 
the SRD module using deionized water or a combination 
of deionized water and a cleaning fluid as described in 
detail above. The substrate is then positioned for trans- 
fer out of the SRD module. The loading station transfer 
robot 228 picks up the substrate from the SRD module 
236 and transfers the processed substrate into the RTA 
chamber 211 for an anneal treatment process to en- 
hance the properties of the deposited materials. The an- 
nealed substrate is then transferred out of the RTA 
chamber 211 by the loading station robot 228 and 
placed back into the substrate cassette for removal from 
the ECP system. The above-described sequence can 
be carried out for a plurality of substrates substantially 
simultaneously in the ECP system 200. Also, the ECP 
system can be adapted to provide multi-stack substrate 
processing. 

Coated Anode Configuration 

[0076] Two embodiments of coated anodes for an 
ECP system are shown in FIGs. 18 and 19. These coat- 
ed anodes are configured to provide a planar anode sur- 
face that faces toward the substrate seed layer is coated 
with a chemically inert material. The inert characteristics 
of the planar surface maintains the planar surface con- 
figuration. The coated planar surface in the embodi- 
ments shown In F!Gs. 18 and 19 are spaced substan- 
tially parallel to the substrate seed layer surface. Since 
the planar anode electric field generating surface is par- 
allel to the seed layer, each point on the seed layer is 
spaced a uniform distance from the nearest point on the 
planar anode electric field generating surface through 
the electrolyte solution. This uniformity of distances from 
the seed layerto the electric field generating surface re- 
sults in an enhanced uniformity of electric current den- 
sity across the seed layer. Such uniformity of electric 
current density across the seed layer results in en- 
hanced uniformity of metal film deposition rate across 
the seed layer during plating and an enhanced uniform- 
ity to the resultant metal film plating depth across the 
seed layer following the plating process. 
[0077] In a one embodiment of ECP system partially 
shown in FIG. 1 8, the anode assembly 2606 comprises 
an anode body 2608 and an anode coating 2610. The 
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anode body 2608 is preferably a solid piece of copper, 
preferably, high purity and oxygen free. The anode coat- 
ing 2610 is coated on the upper surface of the anode 
body 2608, prior to the insertion of the anode in the elec- 
trolyte solution for plating purposes, to limit the electro- s 
lyte solution from physically contacting (and thus chem- 
ically reacting with) the upper surface of the anode body. 
As such, the anode coating maintains the structure and 
shape of the anode body 2608 during the extended op- 
eration of the anode. To form the anode coating 2610, 10 
the surface of the anode body (or a portion of the anode 
body) that is directed toward the seed layer on the sub- 
strate is coated with a material, such as tantalum, that 
is chemically inert to the electrolyte solution. The anode 
coating 261 0 thus allows the coated upper surface 261 9 15 
of the anode body 2608 to resist chemical degradation 
and remain substantially planar during the anode's use- 
ful lifetime. 

[0078] The chemically inert material that coats the an- 
ode is selected to limit any physical alteration of the &> 
coated upper surface 2619 resulting from the electro- 
chemical interaction between the anode and the elec- 
trolyte solution. The embodiment of ECP system shown 
in FIG. 1 8 includes an electrolyte cell 2602 that contains 
an electrolyte solution, a substrate holder system 14 in- . 25 
eluding a substrate holder assembly 2604, and an an- 
ode assembly 2606. The substrate holder assembly 
2604 is configured to insert a substrate 22 into, or re- 
move a substrate 22 from, the electrolyte solution con- 
tained in the electrolyte cell. The anode assembly 2606 30 
is located within the electrolyte solution contained in the 
electrolyte cell 2602 during plating operations. 
[0079] The anode assembly 2606 includes an anode 
body 2608 formed from copper or another metal for gen- 
erating metal ions, an anode coating 261 0 that is coated 35 
on the surface of the anode body 2608 facing the sub- 
strate 22, one or more electric feed-throughs 294 that 
act to support the anode, and also provide an electric 
current/voltage to the anode body 2608, and preferably, 
perforations 2612 that extend through the anode body 40 
2608 and the anode coating 261 0. The anode assembly 
2606 is configured to chemically react with the electro- 
lyte solution contained within the electrolyte cell 2602 to 
release metal ions, e.g., copper ions, into the electrolyte 
solution. The metal ions within the electrolyte solution 45 
are transported by a combination of the electrolyte so- 
lution flow and/or the electric field established between 
the anode assembly 2606 and the substrate 22 to a po- 
sition adjacent the lower surface of the substrate. 
[0080] The anode body 2608 in the embodiment so 
shown in FIG. 1 8 is configured with vertical flow perfo- 
rations 2612 that permit flow of electrolyte solution 
through the anode. The perforations allow for a more 
uniform fluid flow of electrolyte solution through the an- 
ode body 2608 to the seed layer across the width of the 55 
electrolyte cell. In another embodiment of ECP system, 
no perforations 2612 are provided through the anode 
body 2608 and anode coating 261 0. In the embodiment 



of ECP system excluding perforations, the distance Z 
between the upper surface 261 9 of the anode body 2608 
and the seed layer 1 5 on the substrate 22 has to be suf- 
ficient so that metal ions flowing within the electrolyte 
solution around the sides 2622 of the anode to the seed 
layer 15 on the substrate will diffuse within the electro- 
lyte solution to be substantially uniform across the seed 
layer as the metal ions flow to the seed layer. The sub- 
strate holder 2604 may rotate the substrate in certain 
embodiments, as described relative to FIG. 15. This ro- 
tation may enhance the uniformity of the metal film dep- 
osition process on the seed layer on the substrate since 
no portion of the seed layer is in continual contact with 
any one specific electrolyte solution location. Certain 
embodiments of the substrate holder assembly 2604 do 
not provide this substrate rotation. 
[0081] The upper surface orthe electric field generat- 
ing surface 261 9 of the anode body 2608, shown in the 
embodiments shown in FIG. 1 8, does not chemically re- 
act with the electrolyte solution because the inert coat- 
ing is limiting the physical contact of the anode base with 
the electrolyte solution. The chemical reaction between 
the upper surface 261 9 of the anode body 2608 and the 
electrolyte solution therefore is negligible. Another 
source of metal ions may be supplied to the electrolyte 
solution. In one embodiment, higher levels of copper 
ions than are normally generated by interaction between 
the upper surface 261 9 of the anode body 2608 and the 
electrolyte solution can be provided by increasing the 
metal ions with the recirculate n/refreshing element 287. 
In another embodiment, the anode body 2608 can be 
configured to provide additional copper ion generation 
by increasing the area or some other reaction rate factor 
of the lower or side surfaces of the anode that reacts 
with the electrolyte solution. Alternatively, a distinct met- 
al ion generating anode can be provided as a separate 
unit that is located below, and thus further from the seed 
layer than the electric field generating anode. The con- 
troller 222 can provide an increased electrical /voltage 
bias between the anode body 2608 and the seed layer 
to enhance the plating action on the seed layer on the 
substrate since plating action is a function of voltage. 
[0082] Though other portions of the anode body 2608 
degrade from contact or chemical interaction with the 
electrolyte solution to release metal ions into the elec- 
trolyte solution during the plating process, the upper sur- 
face 261 9 of the anode body 2608 is protected against 
such degradation by the anode coating 261 0. Since the 
anode coating 2610 limits physical contact of, and 
chemical reaction with, electrolyte solution with the up- 
per surface of the anode body, any degradation of the 
upper surface of the anode body is reduced or eliminat- 
ed. Since the anode body does not degrade, the vertical 
distance of all locations between the substrate seed lay- 
er and the upper surface 2619 of the anode body 2608 
remain consistent as shown by arrow Z. Since all points 
along the upper surface 2619 of the anode body 2608 
are maintained substantially equally spaced from the 



16 



29 



EP1 170 402 A1 



30 



nearest location on the substrate seed layer 15 by dis- 
tance Z when the upper surface is planar, the resistance 
of the electrolyte solution between ail points of the seed 
layer 1 5 and the upper surface 261 9 of the anode body 
2608 remains substantially uniform (since the electric 
characteristics of the electrolyte solution are assumed 
homogeneous, and therefore the electric resistance of 
the electrolyte solution varies based on Ohm's Law). 
Since the resistance of the electrolyte solution between 
the seed layer and the anode is substantially uniform 
about the surface of the seed layer, the electric current 
density on the seed layer is also substantially uniform 
across the seed layer. This substantially uniform current 
density results In an enhanced uniformity of metal film 
deposition on the substrate. 

[0083] The chemical reaction that occurs in one em- 
bodiment of ECP system shown in the embodiments in 
FIGs. 4, 1 8, and 19 may be characterized by whether a 
positive voltage bias, or negative voltage bias, is applied 
between the anode and the seed layer, to respectively 
effect a plating metal film, or a depleting of the metal 
film, on the substrate. If a sufficient positive bias is ap- 
plied so that the voltage of the seed layer is below (i.e., 
more negative) the level of the voltage of the anode, 
metal ions are plated onto the seed layer on the sub- 
strate. If a sufficient negative bias is applied so that the 
voltage of the seed layer exceeds (i.e. more positive) 
the voltage of the anode by a sufficient level, copper is 
deplated from the seed layer. 

[0084] The anode assembly 2606 may be enclosed in 
a hydrophilic membrane 289. As the electrolyte flows 
through the hydrophilic membrane 289, particulates and 
other matter generated, by the chemical reaction be- 
tween the anode and the electrolyte solution are filtered 
or trapped by the encapsulation membrane. In the em- 
bodiment of anode body 2608 shown in FIG. 18, the 
electrolyte solution primarily chemically reacts with the 
backside, edge, and the Inner walls of the perforations, 
of the anode body 2608. Hydrophilic membrane 289 is 
position to allow electrolyte solution and metal ions to 
pass through the membrane that surrounds the anode 
assembly 2606. The hydrophilic membrane 289 may 
form a filter in the form of a membrane basket to filter 
out certain particular matter from the electrolyte solu- 
tion. Hydrophilic membrane 289, in another embodi- 
ment, is held by brackets to extend generally across the 
electrolyte cell parallel to, and closely spaced above, the 
anode (e.g., about half a centimeter or more). 
[0085] Preferably, the hydrophilic membrane 289 
comprises a hydrophilic porous membrane, such as a 
modified polyvinyllidene fluoride membrane, having po- 
rosity between about 60% and 80%, more preferably 
about 70%, and pore sizes between about 0.025ujti and 
about 1 urn, more preferably between about 0.1 urn and 
about 0.2 u.m. One example of a hydrophilic membrane 
289 is the Durapore Hydrophilic Membrane, available 
from Miliipore Corporation, located in Bedford, Massa- 
chusetts. 



[0086] A flow diffuser 71 may be provided across the 
inner surfaces of the electrolyte cell. Electrolyte solution 
flows through pores of the flow diffuser with sufficient 
difficulty so a slight pressure differential may be provid- 

5 ed in the electrolyte solution across the width of the flow 
diffuser. The flow diffuser may be clamped, clipped, se- 
cured by fasteners or adhesive, or attached in any 
known suitable manner to the inner surface of the elec- 
trolyte cell 2602. The flow diffuser 71 is intended to pro- 

10 vide a substantially uniform vertical flow velocity of the 
electrolyte solution across the width of the electrolyte 
cell above the flow diffuser. The dimensions and number 
of the pores and the material of the flow diffuser are se- 
lected based on the chemical constituency and particle 

15 size of the electrolyte solution and the metal ions. The 
anode assembly 2606 acts to maintain the electric field 
generating surface 261 9 substantially planar on the face 
of the anode body 2608 that is coated by the anode coat- 
ing 2610. The planar electric field generating surface 

20 261 9 is provided to face the substrate 22. 

[0087] The purpose of maintaining the electric field 
generating surface 261 9 during the plating process is to 
ensure that the distance from each point on the electric 
field generating surface to its closest point to the seed 

25 layer on the su bstrate 22 is substantially uniform across 
the surface of the anode body 2608. Any difference in 
distance between the electric field generating surface 
2619 of the anode body 2608 and the closest point on 
the substrate seed layer 22 is reflected by a variation in 

30 resistance between the different points on the electric 
field generating surface and their corresponding closest 
point on the substrate seed layer. This variation of re- 
sistance through electrolyte solution results since resist- 
ance of the electrolyte solution, as well as other liquids, 

35 varies according to distance that an electric current has 
to flow through that medium as is reflected by Ohms law. 
[0088] By applying the chemically inert anode coating 
2610 to portions of the anode body, the electrolyte so- 
lution does not contact the anode body 2608 at those 

40 coated locations that are configured to correspond to its 
electric field generating surface 2619. Such limiting cf 
contact between the electrolyte solution and the electric 
field generating surface 2619 limits the generation of 
metal ions by the electro-chemical reaction into the elec- 

45 trolyte solution at the electric field generating surface. 
Since the anode coating 261 0 limits a chemical reaction 
between the electrolyte solution and the electric field 
generating surface 2619, no metal ions are generated 
from the electric field generating surface. Additionally, 

so the electric field generating surface will maintain a sub- 
stantially level contour due to its limiting contact with the 
electrolyte solution. 

[0089] The application of the anode coating 261 0 in 
the anode assembly 2606 in the embodiment shown in 
55 FIG. 18 ensures that the electric field generating surface 
remains substantially planar after extended plating use, 
and thereby enhances the uniformity of the electric field 
generated between the anode assembly 2606 and the 
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substrate 22 and enhances uniformity of electric current 
density across the surface of the seed layer on the sub- 
strate 22. Such uniformity of electric current density to 
the plating surface results in a more uniform distribution 
of the metal ions from the electrolyte solution on the sub- 5 
strate seed layer across the width of the electrolyte cell 
2602. 

[0090] The dimensions of the perforations 2612 are 
preferably minimized to limit any aberration to the uni- 
formity of the electric field that is applied to the lower 10 
surface of the substrate. The inner surfaces of the per- 
forations are, in certain embodiments, coated to limit 
chemical reaction with the electrolyte solution. In other 
embodiments, the perforations remain uncoated. In 
those embodiments where the perforations are uncoat- is 
ed, it is important to ensure that the width dimensions 
of the perforations remain within dimensions, during 
normal use, to a level where no electric field aberrations 
from the anode are applied to the lower surface of the 
substrate. 20 
[0091 ] Increasing the concentration of the metal ions 
above one side of the anode assembly 2606, for exam- 
ple, might increase the metal film deposition on the sub- 
strate seed layer on that side of the electrolyte cell. As 
such, perforations 2612 extend substantially vertically 25 
through the anode body 2608 and the anode coating 
2610 to allow the electrolyte solution to flow upwardly 
through portions of the perforations. The perforations 
2612 are preferably distributed substantially evenly 
across the surface area of the anode body 2608. For 30 
example, these perforations may be spaced every six- 
teenth of an inch to every inch, in a grid like perforated 
anode configuration, to allow electrolyte solution to flow 
vertically upward through the anode body. 
[0092] The perforations 2612 are intended to en- 35 
hance the uniformity of these chemical reactions across 
the electrolyte solution contained in the electrolyte cell 
2602 above the anode assembly 2606. It may be de- 
sired to modify the perforations in a manner to enhance 
the chemical reactions between the electrolyte solution 40 
and the anode if it is found that fewer meta! ions are 
produced when the upper surface of the anode is coat- 
ed. For example, assuming that fewer metal ions are 
generated above the center portions of the anode body 
2608 compared to the peripheral portions the number *s 
or size of perforations 2612 may be increased in the 
center portions of the anode body 2608 corresponding 
to those locations where the reduced metal ion genera- 
tions occur. 

[0093] In one embodiment of ECP system, the perfo- so 
rations through the anode body 2608 do not contain any 
anode coating, and as such, as the electrolyte solutions 
travel vertically upward in the perforations, those por- 
tions of the surface area of the anode body that forms 
the surface of the perforations chemically react with the ss 
electrolyte solution flowing upward through the perfora- 
tions. While a perforated anode is utilized in the embod- 
iment in FIG. 18, it is envisioned that a solid copper an- 



ode may also be utilized. If a solid anode is provided, 
some mechanism may be provided to achieve uniform- 
ity of metal ions in the electrolyte solution in the electro- 
lyte cell. Such mechanisms may include, but are not lim- 
ited to, increasing the distance between the anode and 
the seed layer containing the electrolyte solution 
through which the metal ions flow. This increased dis- 
tance allows the concentration of metal ions across the 
seed layer to become more uniform across the width of 
the electrolyte cell by diffusion. Vanes, baffles, or other 
similar fluid flow deflectors (not shown) may be provided 
in the electrolyte ceil to cause a mixing of the metal ions 
in the electrolyte solution across the width of the elec- 
trolyte cell as the electrolyte solution flows upwardly. 
[0094] The electrolyte cell can be configured so the 
distance between the anode and the seed layer is suf- 
ficiently large so the metal ions mix to become substan- 
tially uniform across the width of the electrolyte cell by 
diffusion. Combinations of these mixing techniques to 
enhance the uniformity of metal ions across the electro- 
lyte cell are within the intended scope of elements to be 
used in combination with the coated anode. The chem- 
ical reaction between the anode and the electrolyte so- 
lution releases metal ions, e.g. copper ions, into the 
electrolyte solution. A similar chemical reaction can oc- 
cur between the anode body 2608 and the electrolyte 
solution along the lower surfaces 2621 , and the side sur- 
faces 2622 of the anode body 2608. 
[0095] Considering FIG. 18, the anode assembly 
2606 is configured to provide a uniform electrolyte so- 
lution fluid flow, a substantially level planar electric field 
generating surface 261 9, a uniform metal film deposition 
process on the seed layer, and an adequate release of 
metal ions from the anode, all action therewith of the 
electrolyte cell 2602. The anode coating also limits the 
chemical reaction of the electric field generating surface 
261 9 with the electrolyte cell 2602. The effect of this lim- 
ited chemical reaction, which maintains a more planar 
electric field generating surface 261 9, is to enhance the 
uniformity of electric current density on the seed layer 
on the substrate 22, and therefore enhances the uni- 
formity of metal film deposition across the surface of the 
substrate seed layer. 

[0096] FIG. 19 shows an alternate embodiment of 
ECP system 2700 in which the anode is subdivided into 
two distinct anode components. One anode component 
is referred to as a "metal ion generating anode", and is 
related to generating metal ions and, in one embodi- 
ment, generating an electric field to the electrolyte so- 
lution. The other anode component is related to enhanc- 
ing the uniformity of the electric field within the electro- 
lyte solution as applied to the seed layer across the low- 
er surface of the substrate. The ECP system 2700 com- 
prises a substrate holder 2604, a substrate 22 (seed lay- 
er facing downward), an electrolyte cell 2602 which is 
configured to contain electrolyte solution therein, a coat- 
ed electric field uniformity enhancing anode 2706, and 
a metal ion generating anode 2710. The metal ion gen- 
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erating anode 2710 acts to generate metal ions by a 
chemical reaction with the electrolyte solution. Prefera- 
bly, the metal ions are substantially uniformly distributed 
across the width of the electrolyte cell 2602. The metal 
ion generating anode 2710 includes an anode body $ 
2710 and a plurality of electric feed throughs 2712. An 
electric current/voltage is applied to the electric feed 
throughs 2712 in such a manner that the electric field 
generating anode 2710 generates metal ions into the 
electrolyte solution contained in the electrolyte cell io 
2602. 

[0097] For this alternative embodiment, the anode 
body 2710 of the metal ion generating anode 2710 may 
be configured as solid copper anode, a solid copper an- 
ode with perforations , an anode with one or more coated * 5 
surfaces or other anode body configurations. The elec- 
tric field uniformity enhancing anode 2706 acts to pro- 
vide a substantially uniform electric field across the 
width of the electrolyte cell 2602 within the electrolyte 
solution. This substantially uniform electric field across so 
the width of the electrolyte celt 2602 acts to enhance 
uniformity of the electric current density applied to the 
seed layer on the substrate 22 during plating operations. 
Enhancing the uniformity of the electric current density 
across the seed layer, i.e., from the center of the seed 25 
layer to the periphery of the seed layer, also enhances 
the uniformity of the metal film deposition rate across 
the seed layer. 

[0098] The coated electric field uniformity enhancing 
anode 2706 includes an electric conductive core 2720, 30 
a chemically inert coating 2722, and an upper electric 
feed through 2724 as configured with appropriate sup- 
port members to maintain the electric field uniformity en- 
hancing anode 2706 in position centered above the met- 
al ion generating anode 2710. The electric conductive 35 
core 2720 may be formed of such material as aluminum, 
copper, or other electrically conductive material. The 
electric conductive core 2720 is surrounded and sealed 
against the electrolyte solution by the inert coating 2722. 
The inert coating 2722 may be formed from inert com- *o 
pounds or alloys such as Ta, TaN, or alternatively may 
be formed by some inert plastic material that provides 
a sealing capability for the electric conductive core 2720 
against the electrolyte solution, without substantially di- 
minishing the electric field generating capabilities of the 4 $ 
electric field uniformity enhancing anode 2706. 
[0099] The upper electric feedthrough 2724 may ex- 
tend through the side of the electrolyte cell 2602 and be 
disposed in electrical communication with the electric 
conductive core 2720 to supply the electric current/volt- so 
age, as desired, to the electric conductive core 2720. 
The upper electric feed through 2724 is also sealed to 
limit chemical reaction of the electric conductive ele- 
ment with the electrolyte solution contained in the elec- 
trolyte cell. The flow through apertures 2726 extend ss 
through the electric field uniformity enhancing anode 
2706 to allow the electrolyte solution and/or the metal 
ions contained in the electrolyte solution to flow upward- 



ly from below the electric field uniformity enhancing an- 
ode 2706 to above the electric field uniformity enhancing 
anode 2706. 

[0100] The dimensions of the flow through apertures 
2726 are preferably minimized to limit any aberration to 
the uniformity of the electric field that is applied to the 
lower surface of the substrate. The inner surfaces of the 
flow through apertures 2726 are, in certain embodi- 
ments, coated to limit chemical reaction with the elec- 
trolyte solution. In other embodiments, the perforations 
remain uncoated. In those embodiments where the flow 
through apertures 2726 are uncoated, it is important to 
ensure that the width dimensions of the flow through ap- 
ertures remain within dimensions, during normal use, to 
a level where no electric field aberrations from the anode 
are applied to the lower surface of the substrate as a 
result of the flow through apertures. 
[01 01 ] Since the metal ion generating anode 271 0 is 
located further from the seed layer than the electric field 
uniformity enhancing anode 2706, the electric effects to 
the generated electric current density levels across the 
seed layer 15 are dominated by the electric field uni- 
formity enhancing anode 2706 rather than the metal ion 
generating anode 2710. As such, maintaining a sub- 
stantially planar upper surface 2723 of the electric con- 
ductive core 2720 is the dominant anode consideration 
between anodes 2706 and 2710 in enhancing uniformity 
of the electric current density across the seed layer. It 
is therefore important during plating operations to en- 
sure that the electric current/voltage levels applied via 
the electric feed throughs 2712 to the metal ion gener- 
ating anode 2710do not exceed the electric currenWolt- 
age levels applied via the electric feed throughs 2724 to 
the electric field generating anode 2706 by an amount 
so that the effect on the generated electric current den- 
sity across the seed layer is more pronounced by the 
electric field uniformity enhancing anode 2706 than the 
metal ion generating anode 2710. The vertical distance 
between the anodes 2706 and 2710 can be increased 
to limit the electric current density effect on anode re- 
sulting f rem the electric current'vcltsge levels cf the 
metal ion generating anode 2710. 
[0102] The apertures 2726 in the electric field uni- 
formity enhancing anode 2706 may be configured in a 
grid like pattern, wherein each of the flow through aper- 
tures 2726 is sized so as not to substantially limit the 
upward flow of the electrolyte solution containing the 
metal ions therethrough. As such, the diameter of aper- 
tures 2726 may vary from about a sixteenth of an inch 
and above. The inert metal coating 2720 may be coated 
on any of the upper anode surface, the lower anode sur- 
face, and/or the surfaces of the flow through apertures 
2726 in effect to seal the material of the electric conduc- 
tive core 2720 against the electrolyte solution flowing 
through them. 

[0103] The upper surface of the electric conductive 
core 2720 is selected to be substantially planer and par- 
allel to the seed layer on the substrate so that the dis- 
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tance from each point on the seed layer on the substrate 
22 to its nearest location on the upper surface of the 
electric conductive core 2720 is substantially constant. 
Such uniformity of distances enhances the uniformity of 
electric current density generated across to the sub- 
strate seed layer from center to periphery. Additionally, 
maintaining the substantially level upper surface of the 
electric conductive core 2720 by limiting the chemical 
reaction between the upper surface and the electrolyte 
solution enhances the uniformity of the deposition rate 
of the metal film across the substrate seed layer since 
metal film deposition rate is a function of electric current 
density at the seed layer. Since the electric conductive 
core 2720 is sealed against contact with the electrolyte 
solution by the inert coating 2722, a substantially level 
upper surface is maintained throughout the useful life of 
the electric field uniformity enhancing anode 2706. 
[0104] The anode body 271 0 of the metal ion gener- 
ating anode 2710 generates metal ions substantially 
uniformly across the width of the electrolyte cell 2602. 
These metal ions are transported upwardly in the elec- 
trolyte cell from the metal ion generating anode 2710 
toward the substrate 22 using a combination of mecha- 
nisms, including the electric field established between 
the metal ion generating anode 2710 and the seed layer 
on the substrate 22, as well as generally upward flow of 
the electrolyte solution within the electrolyte cell 2602. 
The metal ion and the electrolyte solution flow upwardly 
through the flow through apertures 2726 in the electric 
field uniformity enhancing anode 2706. The electric field 
lines generated by the electric field uniformity enhancing 
anode 2706 extends substantially upward from the elec- 
tric field uniformity enhancing anode to the seed layer 
on the substrate. Ideally, the electrolyte cell. 2602 the 
electric field uniformity enhancing anode 2706, and the 
seed layer on the substrate 22 are configured so that 
the electric lines of the electric field extending from the 
electric field uniformity enhancing anode 2706 to the 
substrate seed layer are substantially parallel. Such 
substantially parallel electric field lines from the electric 
field uniformity enhancing anode 2706 to the seed layer 
on the substrate 22 enhance the uniformity of the metal 
ions available across the seed layer on the substrate 22. 
As such, the metal ion generating anode 2706 gener- 
ates the metal ions into the electrolyte solution in the 
electrolyte cell substantially uniformly across the width 
of the electrolyte cell 2602, and the electric field uniform- 
ity enhancing anode 2706 acts to maintain this uniform- 
ity of metal ion distribution across the width of the elec- 
trolyte solution contained in the electrolyte cell until such 
times as the metal ions in the electrolyte solution depos- 
its onto the seed layer on the substrate. 



tion and an electrolyte solution chemical reaction 
portion, the electric field generating portion com- 
prising an inert material. 

5 2. The system of claim 1 , wherein the electric field 
generating portion acts to generate a substantially 
uniform electric field across a substrate being plat- 
ed. 

10 3. An electro-chemical plating system configured to 
receive a substrate and deposit a metal film on a 
seed layer on the substrate, the electro-chemical 
plating system comprising an anode having an elec- 
tric field generating portion and an electrolyte solu- 

*5 tion chemical reaction portion, the electric field gen- 
erating portion comprising an inert material and an 
electrolyte cell. 

4. The system of any of the preceding claims, wherein 
20 the electric field generating portion is substantially 

planar. 

5. The system of claim 4, wherein the electric field 
generating portion is oriented to be substantially 

25 parallel to the seed layer on the substrate. 

6. The system of any of the preceding claims, wherein 
the inert material is an inert metal. 

30 7. The system of claim 6, wherein the inert metal in- 
cludes one or more metals from the group of tanta- 
lum, titanium, and tungsten. 

8. The system of any of the preceding claims, wherein 
35 the substantially planar electric field generating por- 
tion of the anode includes a planar surface coated 
with the inert material, the planar surface is oriented 
substantially parallel to a seed layer on a substrate, 
the seed layer and the anode being both immersed 

40 in an electrolyte solution. 

9. The system of any of the preceding claims, wherein 
the electrolyte solution chemical reaction portion 
chemically reacts with an electrolyte solution to 

45 generate metal ions in the electrolyte solution. 

10. The system of any of the preceding claims, further 
comprising a filter positioned proximate the anode, 
wherein the filter is a membrane filter. 



so 



1 1 . The system of claim 1 0, wherein the filter limits par- 
ticle generation by the anode into the electrolyte so- 
lution. 



Claims 

1 . An anode system for a plating apparatus, compris- 
ing an anode having an electric field generating por- 
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12. The system of any of the preceding claims, wherein 
the anode includes perforations that extend through 
the anode assembly. 
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13. The system of claim 12, wherein the perforations 
include surfaces for reacting with electrolyte solu- 
tion flowing through the perforations. 

14. The system of any of the preceding claims, wherein 5 
the electric field generating portion and the electro- 
lyte solution chemical reaction portion are formed 

on a contiguous element. 

15. The system of any of the preceding claims, wherein 10 
the electric field generating portion is structurally 
distinct from the electrolyte solution chemical reac- 
tion portion. 

16. A method to deposit a metal film on a seed layer on w 
a substrate using an anode, the method comprising: 

immersing a coated anode In an electrolyte so- 
lution, the coated anode comprising a substan- 
tially planar electric field generating portion and so 
an electrolyte solution chemical reaction por- 
tion, the planar electric field generating portion 
comprising an inert material; 
immersing the seed layer in the electrolyte so- 
lution; and 25 
applying a voltage between the anode and the 
seed layer. 

17. The method of claim 16, wherein the seed layer is 
immersed in the electrolyte solution to a position so 30 
the seed layer is substantially parallel to the sub- 
stantially planar electric field generating portion. 
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